Introduction
Parasitic protozoa of the genus Leishmania are causative agents of the broad spectrum of human diseases termed the leishmaniases, which are prevalent in sub-tropical and tropical regions of the world 111. These unicellular organisms are members of the family Trypanosomatidae, a group which is characterized (at the molecular level) by a number of unusual mechanisms for gene regulation, including polycistronic transcription of multicopy gene families, post-transcriptional processing of precursor RNA molecules by trans-splicing and RNA editing in mitochondria [2-51. Viability of Leishmania is dependent on the organism's successful adaptation to both extracellular and intracellular habitats; components of the parasite surface coat are essential for this process. In the mammalian host, infection is the consequence of inoculation of parasites through the skin and uptake by host macrophages. The inoculated organisms are flagellated promastigotes; these develop within the digestive tract of the phlebotomine sandfly vector but must undergo differentiation from dividing, non-infective (procyclic) to non-dividing, infective (metacyclic) parasites before entry into the host [6-91. Acquisition of infectivity in the vector is accompanied by structural modification of carbohydrate components of the parasite surface coat to form a thick glycocalyx [lo-121. Functionally, this surface ensures the ability of the parasite to resist lysis by complement and enter host macrophages by receptor-mediated phagocytosis. Here, the parasites differentiate a second time into aflagellated amastigotes, which are capable of survival within the parasitophorous vacuole of the macrophage [ 11. Uptake by a blood-feeding sandfly and transformation back to flagellated promastigotes completes the parasite life cycle. phospholipids (GIPLs) [15] . Changes in the expression and/or modification of these molecules accompanies adaptation of the parasite to its different environments. In order to identify other molecules specifically associated with parasite infectivity (which may include additional surface components, as well as enzymes involved in glycoconjugate biosynthesis), differential screening of cDNA libraries has been used to identify genes expressed either uniquely or at increased levels in infective stages [16-181. 
Identification of genes expressed in infective parasites

Regulation of the Lm cDNA 16 gene array
Mapping of the transcripts generated from genes A, B, C and D has provided evidence in favour of polycistronic transcription of this family. This is followed by differential processing of the precursor RNA molecules from each gene to yield steadystate RNA levels characteristic of each parasite stage [20] . Several splicing of gene A, a candidate polyadenylation site and regions of potential secondary structure within 3' flanking sequences. The 3' sequence elements are conserved in those genes that share the same pattern of differential regulation, suggesting a role for these elements in the observed steady-state levels of RNA. The functions of these sequences are being tested in genetic transformation assays (J. K.
Keen, unpublished work).
Translational open reading frames within the array
The 10 T o investigate the properties of the ORFs described above, each has been expressed as a recombinant protein in E. coli and the products used to raise polyclonal antibodies for characterization of the native gene products.
The gene B protein: a parasite surface lectin?
Primary analysis of the deduced sequence of the gene R protein has revealed a predominantly hydrophilic molecule of 177 amino acids [22] . The repeat motif, comprising 45% of the total protein, is present as a proline-rich domain spanning amino acids 02-142. Structurally, this domain comprises 5.5 copies of a 14-amino-aid sequence, which can be further subdivided into two smaller unit repeats of seven amino acids, PKEI>GIM and PKNI>I>IIA (Figure 2 ). The repeats are the only region of the gene I3 protein that share sequence identity uith other known proteins; they share 56% sequence identity with the peptidoglycan-binding domain of the immunoglobulin-binding protein A of the Cram-positive bacterium Staphylococcus aureus [ 23,241. Immunofluorescence microscopy has demonstrated gene H expression in both metacyclic prornastigotes and aniastigotes of I,eishmania 121,221.
The former can be identified by their distinctive morphology in Figure 3 ; the lack of expression in procyclic parasites is also evident (correlating with the absence of the Gene I3 mIINA at this stage of the parasite life cycle). Immunogold electron microscopy and surface labelling have confirmed that the gene H protein is localized on the surface of Leishmania major 1221. This is unusual, given the lack of an identifiable signal peptide, membranespanning domain or consensus for glycosylphosphatidylinositol-anchor attachment in the protein sequence. 1,ittle is known about the mechanisms of protein secretion in I,eishmuniu but precedents do exist for the externalization of cytoplasmic proteins lacking signals for secretion in mammalian systems (see [ 261 and references therein).
Of the surface molecules identified in Leishmania species, LPG is predominant in metacyclic parasites, and its extensive modification at this stage in the life cycle produces a dense coat that covers the parasite surface [ 10-121. LPG is also found on the surface of amastigotes, although the structure is again modified to generate a stage-specific molecule I27 I. Does the gene H protein have the properties of a lectin and attach t o the parasite via interaction between the repetitive region (with its sequence similarity to a peptidoglycan-binding domain) and
The evidence in favour of this hypothesis is compelling. First, the gene I3 protein fractionates with 1,PC and the GII'I,s following lipid extraction
Alignment of the gene B repeat domain with the peptidoglycan-binding domain (region X) from protein A of
Staphylococcus aureas
( a ) The protein A repeat (from S aureus strain 8325 4, [23, 24] is aligned with the gene 6 repeat [21, 22] . 
The gene C protein is expressed in the flagellum
Primary analysis of the deduced sequence of the gene C protein has revealed a largely hydrophobic molecule which shares no sequence identity with other database proteins. While of a similar size to the gene €3 protein, the gene C protein is distinctly different in both amino acid composition and overall charge [21] . Polyclonal antiserum raised against the recombinant protein recognizes a molecule that is localized to the tip of the flagellum in both In vivo, promastigotes have been observed to be morphologically modified at the distal ends of the flagella and to form dense hemidesmosomes (iunctional complexes), where the flagellar membrane contacts the cuticular lining of the insect gut [31] .
Although transcripts for gene C can only be detected in flagellated promastigote forms, as might be expected for a gene encoding a protein associated with the flagellum, gene A (which encodes an identical ORF) is also expressed in the amastigote, the parasite stage which possesses only a rudimentary flagellum (Figure 1 ). Indirect immunofluorescence assays using the antibodies raised to the gene C protein show a diffuse staining pattern in amastigotes, although there is a greater localization to the flagellar pocket region in some organisms. 
Concluding remarks
Isolation of the I,m cDNA16 gene family has highlighted the success of using differential library screening to identify stage-regulated sequences in [32, 33] . The location of the gene C protein also has functional implications. The flagellar tip has been observed as the point of attachment for parasites within the sandfly and is often the first point of contact between parasite and macrophage in vitro.
Both genetic and biochemical approaches will be required to determine the functions of the €3, C and D proteins of Lekhmania major. Clifford Studentship for Hiomedical Rc~search. 
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Introduction
The malaria parasite invades red blood cells. The details of this process have been described in ultrastructural studies, but the molecules involved and the biochemical events that occur are still poorly understood. Proteins on the parasite surface and in specialized secretory organelles have been implicated as ligands for receptors on the erythrocyte. The modification of one cell-surface protein by proteolytic cleavage appears to be essential for invasion to occur. Clues to the role of individual proteins in cell entry have been provided by binding assays and the use of specific antibody reagents that interfere with the process. There are clearly multiple steps between the initial recognition and the successful invasion and growth within the erythrocyte. Multiplication of the organism within the red blood cell leads to the development of merozoites, the invasive form released by subsequent rupture of Abbreviations used: EGF. epidermal growth factor; MSP, merozoite surface protein. 7To whom correspondence should be addressed. the infected cell. Merozoites attach to and invade new red blood cells to continue the asexual growth cycle within the bloodstream.
Ultrastructural studies with the simian parasite Plasmodium knowlesi and the human parasite Plasmodium fakiparum have shown that attachment and invasion can be defined as a series of discrete steps. The merozoite can attach at any point on its surface to an erythrocyte. The parasite then reorientates so that its apical end is in close apposition to the red blood cell membrane. A junction is formed between the surface of the two cells and invagination of the erythrocyte plasma membrane leads to the formation of a vacuole within the red blood cell cytoplasm. The junction moves back around the surface of the merozoite as the parasite enters. Finally, the junction is released and the membrane is resealed so that the parasite is left within the erythrocyte, residing within the vacuole. Secretory organelles are located at the apical end of the merozoite. Two sorts have been identified in transmission electron micrographs, the rhoptries and the micronemes. Rhoptries are large, paired, membrane-bound, electron-dense organ-
